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Abstract 
The effect of low dose He-Ne laser on the 
healing of intestinal anastomosis was studied in 
the albino rat. A small piece of jejunum was 
removed from each rat and the ends sutured back 
with a simple interrupted pattern. In the 
experimental animal, the anastomosis was 
Irradiated through an optic fiber with a He-Ne 
laser (1 mW) for 15 minutes whereas in the control 
animal, the anastomosis was not irradiated. The 
differences between the two groups were compared 
by histology, transmission electron microscopy, 
scanning electron microscopy and autoradiography 3 
and 7 days after operation, The laser treated 
experimental animals demonstrated thicker collagen 
fibers and an increased quantity of collagen at 
the junction of the anastomosis compared to 
control animals. Increased uptake of labelled 
proline was also evident in the laser treated 
animals. These observations all point to a 
possible enhancement of collagen synthesis 
triggered by laser irradiation. 
KEY WORDS: Intestinal anastomosis, low dose 
laser, collagen, proline, increase, 
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Introduction 
During the last 20 years, laser has gained 
recognition as a possible therapeutic tool In the 
different areas of medicine (Kovacs et al., 1974; 
La Foret et al., 1976; Landers et al., 1976; Ben-
Basset et al., 1978; Shepanek et al., 1979; 
Cochrane et al., 1980; Kana et al., 1981). Many 
of these studies have employed the COz laser 
which operates at high Intensity levels (La Foret 
et al., 1976; Landers et al., 1976; Ben-Basset et 
al., 1978; Cochrane et al., 1980; Shepanek et al., 
1979). The benef 1c 1 al effects of 1 ow dose laser 
were not emphasized until studies reported that 
skin wound healing was accelerated by low dose CW 
lasers (Kovacs et al., 1974; Kana et al., 1981). 
In 1982, Yew et al. reported the stimulation of 
RNA synthesis in the eye after low dose laser 
Irradiation and proposed a "stimulating 
hypothesis". Subsequently, our group (Mok et al., 
1988) further reported the favorable effect of low 
intensity laser on the healing of experimental 
tongue ulcers. It appears, therefore, that low 
intensity laser may be beneficial for a number of 
organ systems. The present paper Intends to 
demonstrate how the low dose laser affects the 
healing of intestinal anastomosis. 
Materials and Methods 
48 albino rats (Sprague-Dawley) of 350 g were 
used In the experiment. All the rats were denied 
access to food 4 h prior to surgery. Before 
surgery, the rats were anesthetized with Nembutal 
(SO mg/kg) and the abdomens opened through a 
median incision. In each rat, the proximal 
portion of the jejunum was Isolated and a small 
segment 2-3 mm was cut out. The ends of the 
jejunum were then sutured back (end to end suture) 
with 5-0 silk using a simple Interrupt pattern. 
The use of cat gut for the mucosa and silk for the 
serosa as in the human was not applicable In the 
rat as Its Intestine was much smaller. 24 animals 
were Irradiated immediately after anastomosis with 
a low dose He-Ne laser of 1 mW output (Spectra-
Physlcs, Mt. View, California, U.S.A.) through an 
optic fiber onto the intestinal anastomosis for 15 
minutes. This group ls designated the 
experimental group while the rest served as 
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controls. Afterwards, a 11 wounds in both 
experimental animals and controls were closed and 
the animals were returned for postoperative care. 
Transmission and scanning electron microscopy and 
light microscopy 
3 days after surgery. 3 days after the 
surgery, 12 control rats as wel 1 as 12 
experimental rats were killed by cervical 
dislocation. The abdomens were opened and the 
specimens were taken out from the areas at the 
anastomosis just adjacent to the wounds and 
sutures and cut into small pieces and processed, 
respectively, for routine light mict ·oscopy, 
transmission electron microscopy, and scanning 
electron microscopy. 
For routine light microscopy, 12 control and 
12 experimental specimens lone from each cont,·ol 
or experimental rat) were fixed in 10% buffered 
formalin overnight. They were then dehydrated in 
graded alcohol, followed by clearing in xylene. 
The speci mens were then embedded 1n paraffin and 
cut at 6 ?m. The sectio ns were stained with 
hematoxylin and eosin and observed with a Nikon 
microscope. 
For transmission electron microscopy, 12 
control and 12 experimental specimens were used 
lone from each control or experimental rat). The 
tissues were fixed in 2.5% glutaraldehyde (4°C) in 
O.lM cacody late buffer at pH 7.4 for 2 h. They 
were then washed fn cold cacodylate buffer and 
postfixed for 1 h in 1% Os04 in the same buff er . 
The specimens were dehydrated in graded alcohol 
and embedded in Spurr's resin. Thin sections 
150nm) were cut and stained consecutively with 
uranyl acetate and lead citrate and observed with 
a JEOL lOOCX transmission electron microscope. 
For scanning ele c tron microscopy on block 
specimens, 12 control and 12 experimental 
specimens were used (one from each control or 
experimental rat). The tissues were fixed in 2.5% 
glutaraldehyde in O.lM cacodylate buffer for 2 h 
and washed in the same buffer. After washing and 
dehydrating through graded alcohol, they were put 
in Freon TF and absolute alcohol mixture for 15 
minutes followed by 3 changes of Freon TF for 15 
minutes each. They were then critical point dried 
and coated with gold. Observations were made with 
a 35CF JSM scanning electron microscope. 
For scanning electron microscopy on light 
microscopic sections, 12 control and 12 
experimental lone from each rat) specimens were 
fixed in 2.5% glutaraldehyde in O.lM cacodylate 
buffer for 2 hand postfixed in 1% Os04 in 0.1 M 
cacodylate buffer. The specimens were then 
dehydrated in graded alcohol, cleared in xylene 
and embedded in paraffin wax. 10 pm sections were 
cut and then dewaxed. The sections were then put 
in absolute alcohol for 5-10 minutes followed by 
critical point drying using liquid COz and then 
sputter coated with gold (Saglie et al., 1985). 
Observations were performed with a JSM 840 JEOL 
scanning electron microscope. 
7 days after surgery. 7 days after surgery, 
12 control and 12 experimental animals were killed 
and the abdomens opened. Specimens were taken out 
from areas at the anastomosis adjacent to t he 
wounds and sutures. They were cut into small 
pieces and processed, respectively, for routine 
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light microscopy, transmission electron microscopy 
and sc anning electron microscop y. 
For routine 1 ight microscopy , tran smi ssio n 
electron microscopy, and scanning electron 
microsco py, the pro ced ures were as described for 
the 3 day specimens. 
Quantitative autoradiography 
For quantitative autoradiography, 12 pieces 
of tissues adjacent Lo the sutures of each of the 
co ntrol animals in the 3 days and 7 days groups 
and experimental animals in the 3 and 7 days 
groups were used. Pieces were 1 mm3each and were 
then incubated in 3H prol ine (1 JJCi per 2 ml of 
TC 199 solution (Difeo, U.S.A.)) for 30 minutes at 
37° C and with 95% Oz and 5% CO2. After 
incubation, the ti ssues were fixed in 10% neutral 
buffered formalin and dehydrated in graded 
alcohol. After clearing in xy l ene, they were 
embedded in paraffin. Sectio ns were cut at 6 µm 
and coated with Kodak NTB2 Emulsion !Rochester, 
Fig. 1. Light microscopic illu str ation near the 
junction of intestinal anastomosis (W) 3 days 
Note 
the 
after operation, without laser treatment. 
the presence of few connective elements in 
lamina propria IL) and submucosa IS). Mu= mucosa 
and M = muscularis mucosa. Bar= 50 fm, 
Fig. 2. Light microscop ic illustration near the 
junction of intestinal anastomosis (W) 3 days 
after operation, with l aser treatment. Note that 
the connectiv e cmponents became "denser" I arrow) 
in lamina propria (L). S = submucosa, Mu= mucosa 
and M = muscularis mucosa . Bar= 50 pm, 
Fig. 3. 
area near 
Transmission electron micrograph showing 
jun ction of int estina l anastomosis (W) 
after ope ration and without las er 
Note presence of macrophage (Ml and 




Fig. 4. Transmission electron micrograph showing 
area near jun ction of intestinal anastomosis (W) 3 
days after operation and without laser treatment. 
This area showed the presence of leuko cytes IL), 
fibrocytes If) and thin collagen fibrils (arrow 
head). The fibr ocyte had dilated rough 
endoplasmi c reticulum. Bar= 1 pm, 
Fig. 5. Transmission electron micrograph showing 
area near jun ction of inte st inal anastomosis (W) 3 
days after operation, with laser treatment. Note 
very active fibrocyte I fl with dilated rough 
endoplasmic reticulum and dense bodies as well as 
presence of large number of collagen fibrils 
(arrow). The spaces between cellular components 
were small in comparison with Fig. 6. Bar = 1 pm, 
Fig. 6. Transmission electron micrograph showing 
area near jun ction of intestinal anastomosis (W) 7 
days after operation, without laser treatment. 
Note active fibr ocyte (fl with dilated rough 
endoplasmic reti c ulum and dense bodies. There 
were more collagen fibrils (arrow) but they were 
still thin. Many spaces were still evident 
between cellular components. A leukocyte (L) was 
present nearby. Bar= 1 fm· 
Laser stimulation of collagen formation 
1 
• 
U. S. A.). They were returned to the r ef rigerato r 
(4°C) in a dark box for 2 weeks. Afterwards, they 
were developed in 0 19, fi xed with fi xer and 
subsequently washe d. The sections were stained 
with hemato xy l in and eosi n. For eac h spec imen, 3 
random co nnective tissue areas external to th e 
mucosa and of 33 JJm2 sizes were se le cted for th e 
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counting of the number of labelled granules. A 
total of 36 areas for each of the co ntrol and 
experimental groups were counted. The average and 
s tandard deviations were co mputed and th e 
significance of differences was determined by 
Student's t test. 
DT Yew et al . 
Results 
H istolOQY 
At the jun c tions of the intestinal 
anastomosis, 3 days after suturing, infiltration 
of connective tissue fibers in both control and 
laser treated specimens were evident. The 
infiltration of fibers started in all the layer s 
external to the mucosa, but was usually r,101·e 
evident in the areas adjacent to th e serosa. The 
accumulation of fibers in the controls was less 
dense (Fig. 1). In the laser treated animals, 
dense accumulations of connective tissue e l ements 
were observed with little spaces (Fig. 2). On the 
7th day after suturing, accumulation of collagen 
fibers was also observed in the controls but thi s 
still differed from that of the more dense 
networks in the laser treated animals. In all 
cases (control and experimental groups), the villi 
of the mucosa and the muscular layers appear·ed 
normal <Figs . 1 and 2). 
Transmission electron microscopy 
3 days after intestinal anastomo s i s , in both 
the control and the l as er treated , de lJ ,- i s was 
sti 11 present near the sutures. Infiltrati on of 
mac rophages, fibrocytes and occasional leuko cy t es 
were observed in thes e regions (Figs. 3 and 4). 
The mac rophages contained dense bodies (Fi g. 31 
and the fibrocytes showed rough endoplasmic 
reticulum, some of which was dilated (Fi g. 41 . 
Deposits of thin collagen fibrils were observed in 
the control (Fig. 4). These fibril s were roughly 
of a thickne ss of 0.05 µm. Many spaces were seen 
betw ee n th e fibril s , the fibril s and ce ll s , anu 
between the ce lls th emse lves (Fig. 4). In the 3 
day laser treated animals, more prominent depo s it s 
of co llag en fibrils were observed, These fibrils 
appeared thi cke r than those of the controls and 
were on the average about 0.07 pm thickn ess to 
0.11 µm thi ck (Fig. 5). Dilati on of rou gh 
endoplasmic reti culum and presence of dense bodie s 
as well as some mito chondria were constant 
featur es of fibro cytes (Fig. 51. Occasionally, 
l eukocy tes were al so pre se nt, many of which were 
eosinophi l s (Fig . 61. Fewer spaces we re present 
in between fibrils or ce lls when compared to 
controls (Figs. 4 and 5). 
In the 7 day old controls, the fibro cytes 
still showed conspicuously dilated rough 
endoplasmic reticulum at this time (Fig . 6). Dense 
bodies were also common. The collagen fibrils were 
s till thin, on ave rage 0.05 to 0.07 pm thi ck. 
Spaces between components were still promin ent 
(Fig. 6). An occasional leukocyte was present 
(Fig. 6). In the la ser treated animals, dilation 
of rough endoplasmic reticulum and presence of 
dense bodies were still observed in fibrocyte s 
(Fig. 7). The co llag en fibrils increased in 
quantity and spaces between connective tis sue 
components were absent. The co llagen fibrils were 
thick (0.11 µm average thickness) with some 
occasional thinner fibrils (Fig. 7). Since the 
fibril s were cut into bundles at different plan es , 
an extensive branching system might be pr ese nt 
(Fig. 7l. 
Scannfn1i electron microscopy 
Scanning e le ctron microscopy both on bl ock 
specimens and on light microscopic sections, 
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revealed that on the third day after sur ge ry, the 
co llagen fib ers we re thicker and more nume rou s in 
the la se r tr eated sa mples (Figs. 8, 9, 10, 11). 
There we r e also fewer interspa ces in the laser 
tr eated sampl es. In the 7 day samples, again the 
laser treated samples revealed more prominent 
co llagen fib ers and bundl es of fibers with very 
little spac'l in betwee n when compared with the 
control group (Figs. 12, 13, 14, 15). 
Quantftatfve autoradioQraphy 
The lab el l ed prollne uptake in the co nnective 
tissue areas from the co ntrol groups 3 and 7 days 
after surgery and th e la ser treated groups 3 and 7 
days after surg ery was compared. The number of 
labelled grains per 33 rm2 in the control group 3 
days a ft e r surgery was 17 ,5±2,2 Cx±S,D., n=36l, in 
the co ntrol group 7 days after surgery was 28±4.7 
(x±S,D. , n=36l (Fig. 16 ), in the la ser treated 
gro up 3 days after surgery was 41.7±4,7 (x±S.D., 
n=36l, and In the la ser treat ed group 7 days after 
surgery ~1as 77 .3±8,3 (x'±S,D. , :i=36l (Fig. l 7l. 
There was a significant increase in the uptake of 
l abe ll ed pral ine in the experimental animals, pc 
0.01. 
Discussion 
Our resu lts indi c ate a possible in c rea se of 
co llagen synthesis at the junction of intestinal 
anastomosis aft e r l ow dose la ser irradiation. 
This in crease ls documented by the presence of an 
increa sed number of collagen fibril s and th e 
Fig. 7. Tra nsmi ssio n e l ec tr on mic rograph showing 
area c lo se to junction of intestinal ann5tornosls 
(10 7 days af ter operation , with la ser treatment, 
Note active fl brocyte ( fl with rough enciopl asmlc 
ret i culum and dense bodies and abundance o f thick 
co 11 age n fibril s . Bar = 1 pm, 
Fig. 8 and in set. Scanning electron mic rograph of 
block s pe c imens at nrea ne ar t he jun ct i ons of 
intestinal anastomosis (W) of th e control animals 
3 days after operatio n. Note thin collaqen 
fibrils (arrow heads) in figure ancl inset. Ba; = 
100 fm In fig ure and 10 pm in inset. 
Fig. 9 and Inset, Scanning e l ec tron micros copy of 
la se r tr eat ed specimen at area near the junction 
of intestinal anastomosis (WI. Note presence of 
thicker collagen fibrils in the lase r tr eated 
(arrow heads, figure and inset>. Bar= 100 µm In 
figure and 10 pm in inset. 
Fig. 10. Scanning e le ctron mic rograph of 1 ight 
microscopic sectio ns of control an ima l s 3 day5 
after operation at area c lo se to jun c tions of 
Int es tinal anastomosis. Not e pr esence of thin 
co llagen fibrils (arrow heads). Bar= 10 fin· 
Fig. 11. Scanning electron micrograph of light 
microscopic sections of la se r treated anima l s 3 
days after operation showing area c los e to 
junctions of intestinal ana s tomosis. Note 
presence of thicker collagen fibrils (arrow head) 
and bundle of fibrils (Bl as well as l ess space in 
between. Bar= 10 pm, 
Laser stimulation of collagen formation 
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Yew e t a l. 
presence of thickened fibrils which can be 
observed in our laser treated samples by both 
transmission electron micros c opy and sca nning 
electron microscopy. Such phenomena are also 
confirmed by the in c rease of labelled prol ine 
uptake in the 1 aser treated samples. Sf nee 
proline is an important amino acid in co lla gen 
synthesis, the in c r ease in prol fn e uptak e may 
confirm increased co llag en sy nthesi s. Our results 
show that increase d co llagen formati on l s ev i dent 
3 days after surg ery in the las e r tr eated animal s 
and this appears to be in agre .ernent with st udir,s 
on ski n wounds by Kana et al. (1981) who reported 
the hard e ning of sc ar as well ilS increase in 
hydroxyp rol fne 4 days after low dose 1 aser 
treatment. The migration of eosinophils and 
macrophages into the anastomosis in our case i s an 
interesting fe atur e and may suggest the former 
sec re t e ce rtain chemotoxic fa cto rs that t helatter 
respond to. Although eos f noph i ls and mac ror,hagC's 
a re both present in th e co ntrol and expe 1·iment al 
groups, the eosinophils are encounter ed more oft en 
in our experimental specimens. Thi s phenomenon 
definitely warrant s further s tudie s . 
The mechanism of increa sed collagen synthesis 
i s still under st udy. It may be spec ulated t hat 
l ase r irradiation se le c tively indu ces fibr ocyte 
activity. However, the effect of las er on 
macrophages ca nnot be ignored in this system. 
Furthermore, different types of low dose l aser 
e ff ects have been indicated in d iff erent 
bio l ogical syste ms (Yew et al., 1982; ~lok et al., 
19881. The "heatin g e ff ect " of la ser alone does 
not seem to exp l ai n the entir e mechanis m. 
Pr esen tly, a st udy on the l ow dose e ff ec t of la ser 
us ing different wave l engt hs i s under way and may 
give us more informati on along this lin e. 
High dose (COzl la ser had been u sed 
exper imentally in co l on anastomosis in the rat. 
It was found that this treatment would c,wse no 
obstruction (Cochrane e t al., 1980) and that 
wounds healed mor-e s tr ongly 7 days aft er surge ry 
and no l eaks were apparent after tests with 
incr eased ten s ion. The strengthening e ff ecls may 
also be due to the increase In co lla gen synth es i s 
as is ev ident In thi s low int ens ity study. In 
fa ct , these " st imulatory" properties of l aser are 
probably best achieved at this low dose as 
suggested in other st udies by Yew et al . (19821. 
A word of ca ution however, is in order with regard 
to th e practica l ospect of the treatment. Care 
mus t be taken not t o c au se ex t ens i ve adhes i on 
between the irradiat ed argo n and the peritoneum as 
a consequence of la se r irra diation . In o,·der to 
prevent this , the irradiated area must be l imll ed 
so that it inc lud es th e sutured area onl y. 
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Fig. 12 and Inset. Scanning electron micrograph 
at area c lose to jun c tion of int esti nal 
anastomosis (W) of control animals 7 days after 
opera tion. Note few bundles of co llagen fibrils 
(arrow heads ) were present in figur e and inset. 
Bar= 100 fm in figure and 10 ?min in se t. 
Fig. 13 and inset. Scanning electron microgra ph 
at area close to jun ctio n o f intestinal 
anastomosis (W) of las e r treated animals 7 days 
after operation. Note more an~ thicker bundle s of 
co llagen fib ers in tr eated (arrow heads in figur e 
and inset). Bar = 100 /Jm in fi gure and 10 fm in 
Inset . 
Fig. 14 . Scanning electron micro sco py on light 
microscopic sections at area c los e to the 
jun c tion s of intestinal anastom osis o f cont rol 
animals 7 days after operation. Note thin bundle 
of collagen fibers (arr ow heads). 8ar 10 /Jm. 
Fig. 15. Scanning e le ctron mfcroscopy on l lght 
microscopi c sectio ns at area c l ose to the 
jun c tion s o f intestinal anastomos is of laser 
tr e at ed animals 7 day s after operat ion. Not 8 
thicker co llag en bundles (arrows) and much le ss 
space in the la ser treated sample. Bar "' 10 f'm. 
Fig. 16. Labelled praline uptake in tissue at the 
area near the junction of the intestinal 
anastomosis of the control animals 7 days after 
surgery. Note some labelled uptake (arrow heads). 
Bar = 5 fm· 
Fig. 17. Labelled praline uptake in tissue at the 
area near the junction of intestinal anastomosis 
of laser tr ea ted animals 7 days after surgery. 
Note marked increa se in the number of labelled 
grains (arrow heads) in the laser treat ed s ample. 
Bar = 5 fm. 
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DJscussJons wJth Reviewers 
F.H. Sjlyer: Does substituting another suture 
material affect the healing response? 
Authors: Yes, but not as much as the laser effect. 
F,H. Silver: Have the authors considered a 
control where they irradiate the jejunum without 
cutting it? 
Authors: We have carried out control studies by 
only irradiating with a laser but without cutt1ng 
1n our prel1m1nary 1nvestigat1ons, We could not 
find any significant changes. 
F.H. Sjlyer: The authors performed label 1ng 
experiments on harvested t1ssue, How might 
excision affect incorporat1on of 3[H] prol1ne? 
Authors: We do not think the excision in the 
experiments on harvested tissue will affect 
praline uptake because the uptake was done in an 
establ1shed organ culture environment (1ncubated 
at 37°C in tissue culture medium with oxygen, 
etc.). 
F,H. Silver: The authors argue that the 
fibrils depos1ted in the laser treated 
collagen 
an1mals 
there were thicker and were closer together. Is 
any quantitative data to support this claim? 
Authors: Some quantitative data were available in 
a similar study of skin wounds by Kana et al., 
( 1981). 
F,H. Sjlyer: 3[HJ proline is incorporated Into 
other prote1ns in addition to collagen. The 
authors therefore have only morpholog1cal ev1dence 
that there appears to be an increase in collagen 
depos1tion. Th1s po1nt should be clarified. 
Authors: Yes, but proline and hydroxyproline 
remain the major amino acids constitut1ng collagen 
fibers and they are frequently used as markers for 
collagen synthesis. We feel that our uptake data 
coupled to our morpholog1cal data will strengthen 
each other. 
F.H. Silver: Is there any evidence to suggest 
that laser treatment m1ght result 1n higher wound 
strength? The authors might consider doing 
mechanical tests to determine the breaking 
strength of each anastomosis. 
Authors: Yes, this was done in sk1n wounds (Kana 
et al., 1981). We are planning to do this test in 
the future. 
F,H, Sjlver: An attempt should be made to develop 
a hypothesis to explain why laser treatment 
results In more highly organized collagen 
networks. 
Authors: A hypothesis at present is not ava1lable 
as we need more data to g1ve us a complete 
picture. But certainly attempts should be made 
along that line. 
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Reyjewer IV: Related to the comment in the 
D1scuss1on concerning the comparative 
"stimulatory" properties of high vs. low dose 
lasers, would the authors care to comment on the 
nature of the dose delivered by the laser and the 
relative magnitude of the subsequent stimulatory 
responses. In addition to the qualitative 
measures of stimulation (e.g., morphological 
observations), what quantitative measures have 
been made? Could the authors briefly list the 
more important quantitative end points appl1ed to 
date? 
Authors: It has been documented by us In earl1er 
studies that low dose laser (e.g. O.lSJ or lower) 
can stimulate protein synthesis (Yew et al., 
1982). The subsequent response peaks 4-24 h after 
and the increase is ;ibout two times in quantity. 
In all cases, we monitor the 1ncr e ase by 
evaluation of labelled uptake of precursors 
essential for the specific biosynthesis. Of 
course, quantitative evaluation of the synthes1zed 
chemical itself would be an important end point 
also and should be performed In the future in 
collaboration with competent biochemists. 
